Pyruvate kinase activity in serum from presumably healthy individuals is labile, but can be maintained for a week when samples are stored frozen. Contrary to published data our electrophoretic and isoelectrofocusing studies with fresh sera show the presence of both K and M isoenzymes; the latter predominates. In freezer-stored serum the putative M isoenzyme showed a progressive decrease in p1 value as well as a decreasedelectrophoretic mobility.
Pyruvate kinase activity in serum from presumably healthy individuals is labile, but can be maintained for a week when samples are stored frozen. Contrary to published data our electrophoretic and isoelectrofocusing studies with fresh sera show the presence of both K and M isoenzymes; the latter predominates. In freezer-stored serum the putative M isoenzyme showed a progressive decrease in p1 value as well as a decreasedelectrophoretic mobility.
Isoenzymes of pyruvate kinase (PK; ATP:pyruvate transferase; EC 2.7.1.40) are present in human and other mammalian tissues (1). There are two immunologically distinct classes: an L type and an R type enzyme and their derived products, and an M type and a K (also called M2) type with their derivatives (2). The L type is found in liver, kidney cortex, and intestine, the R type in erythrocytes.
Brain, skeletal muscle, and heart muscle contain the M type at a high specific activity; the K type is the principal isoenzyme in most other tissues from adults, including leukocytes (1, 3). The measurement of PK activity in serum or plasma has been advocated recently for identifring carriers of Duchenne's muscular dystrophy and patients with progressive muscular dystrophy (4-11) and for diagnosing the extent of myocardial infarcts (4, 12) . Several investigators (4, 8, 13), using kinetic criteria, report that normal serum or plasma contains a mixture of the L and the M isoenzyrnes of PK. In contrast, our electrophoretic and isoelectrofocusing data demonstrate an isoenzyme mixture belonging to the K-M class of PK. In addition, as samples age, the M isoenzyme in serum undergoes a change that results in a decline in p1 value and electrophoretic mobility. This suggests that a factor in serum is responsible for the alteration.
Materials and Methods
Materials. All biochemicals used were from Sigma Chemical Co., St. Louis, MO 63178, in the highest purity available.
Ampholytes
and agarose "IEF" were from Pharmacia, Uppsala, Sweden. Glass-distilled de-ionized water was used throughout.
Sera. Human blood samples were collected in glass collection tubes, allowed to clot at room temperature or at 37 #{176}C for 30 twin, then centrifuged at 3000 x g for 10 mm. The clear sera were aspirated, aliquoted, and, if not promptly analyzed, stored at -20 #{176}C.
Assays. To determine the activity of serum PK, we used a modified assay with 2,4-dinitrophenylhydrazine (14). As controls we used reagents without sera and sera without assay reagents. We routinely made determinations in triplicate, using three different sample dilutions.
Agarose isoelectrofocusing.
For isoelectrofocusing studies with serum we used per liter: 10 g of agarose with 0.7 g of mm slices and incubating them overnight in 0.5 mL of the dinitrophenylhydrazine reagent. The area of each peak was calculated and used to determine the proportion of each isoenzyme. The pH was determined by eluting a separate slice of the gel with doubly distilled water. To monitor the progress of the focusing process visually, we used human hemoglobin (p1 7.22) as an internal standard.
Electrophoresis. The cellulose acetate electrophoresis procedure was as described by Susor and Rutter (15), with samples run for 8 h at 250 V. Activity was determined by slicing and processing the strips as described for the isoelectrofocusingstudies.
Marker enzymes.
In our gel isoelectric focusing system, the PK found in extracts of a sample of human lung (used as a marker for the K isoenzyme) yielded maximal activity at pH 6.8 and human M isoenzyme purified from brain yielded maximal activity at pH 8.0. In the electrophoretic studies, PK from human erythrocyte, leukocyte, and skeletal muscle lysates were used as markers for the R, K, and M isoenzymes, respectively. The tissue homogenates were centrifuged at 100 000 x g for 1 h.
Results
Serum was sampled from 26 normal volunteers, ages 25 to 52 years, and analyzed for PK activity within 2 h after clotting. The mean activity was 280 (SD 67) U/L, range 160-400 U/L. There were no differences between sera and plasma samples run simultaneously on aliquots drawn from the same individuals, nor were any sex-or age-related differences apparent.
PK in serum is labile. As shown in Figure 1 , 60% of the activity is lost in samples stored at room temperature or at 4#{176}C for a day; however, after a week of storage at 20#{176}C, 85% of the original activity remains. These results agree with those of Edwards and Watts (13), who also found that the loss of activity could be overcome by assaying in the presence of dithiothreitol, 5 mmoliL. Our assay mixture routinely contained 0.5 mmol of this compound per liter (14); use of higher concentrations did not further increase the values. However, storage of the serum in the presence of 5 mmol of dithiothreitol per liter sometimes retarded the rate of loss of activity. Figure 2 illustrates the pattern of PK activity obtained for serum samples subjected to gel isoelectrofocusing. Fresh serum samples, clotted at room temperature, yielded a peak of activity at pH 8.0 that accounted for 90-95% of the total activity. The remaining PK activity was contained in a peak having an activity maximum at pH 6.8. As the serum samples age (even at -20 #{176}C), there is a progressive decrease in the pH at which maximal activity is obtained. After one week of aging, the largest activity maximum occurs at pH 7.8; after two weeks of aging, peaks of activity are also observed at pH 7.5-7.6, 6.9-7.0, and 6.6-6.8. When the blood coagulates at 37 #{176}C, the more anodal pH 7.8 form is already present, which also suggests that the conversion is temperature dependent.
When a homogeneous sample of human M-type isoen- 
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(#{149}) sera from blood clotted at room temperature;(A) sara formed at 37#{176}C. PanelsA B, and C: freshly preparedsamplesand samplesaged one and two weeks, respectively zyme is added to the blood before clotting, the majority of the added activity peaks at pH 8.0. As the sample ages, the enzymic activity focuses at progressively lower pH values, in a manner similar to that observed in serum without added PK. Purified muscle enzyme stored frozen in buffer under similar conditions without serum shows no such storage-related change. Figure 3 illustrates the activity pattern obtained when serum is electrophoresed on cellulose acetate. The fresh sample has the same mobility as the M isoenzyme. The same sampleaged for an additional three days became less mobile, remaining nearer the origin. We saw no evidence of the anodal R or L isoenzymes.
Discussion
Kinetic data indicate that sera from normal individuals contain two isoenzyme forms of PK. The putative M type has a lower Km and is not inhibited by alanine or ATP. A form having a higher Km value and being sensitive to inhibition was thought to be the L isoenzyme (4,8, 13) . Our isoelectrofocusing and electrophoretic data also show the presence of two isoenzyme forms, but they evidently are the M andK types.
That the more prevalent form is the M type is consistent with the following observations: (a) it focuses at the same pH as M isoenzyme prepared from brain; (b) the approximate p1 value of 8.0 obtained in the gels corresponds fairly well to the value of 8.26 previously reported (14) for the human M isoenzyme subjected to column isoelectrofocusing; and (c) the electrophoretic mobility is similar to that of the M isoenzyme found in heart muscle ( Figure 3) .
That the minor peak is the K type is indicated by the following: (a) It focuses at pH 6.8, the same pH value as the K type isolated from lung. (b) This p1value is similar to that (pH 7.0) previously reported (14) for the human K type in studies involving column isoelectrofocusing. (c) It migrates slightly faster toward the anode than the M type during electrophoresis, its mobility being similar to that of the human leukocyte enzyme (Figure 3) .
The reasons for the different conclusions concerning the nature ofthe second isoenzyme remain unresolved. Possibly the conclusions based on the kinetic data are in error because they were made on the assumption that there are two basic isoenzyme forms (M and L), whereas in fact there are more. The K-type enzyme (from rodents at least) is known to have kinetic properties similar to that of the L variant (3). Moreover, both isoelectrofocusing ( Figure 2 ) and electrophoresis ( Figure 3) show a rapid and progressive change in the M type. Conceivably, these derived forms have a higher Km value or are more susceptible to inhibitors than is the unaltered M type, which also could lead to erroneous conclusions. On the other hand, the L isoenzyme may also be so labile that it did not survive the isoelectrofocusing or electrophoresis. Arguing against this possibility are the facts that the very similar R enzyme can be recovered and that the K enzyme is reported to be the most labile of the K,L,M triad (16).
A change in the electrophoretic mobility of creatine kinase isoenzymes in serum has previously been observed (17) . Does the same factor cause the anodic shift in PK isoenzymes? Superficially the pattern of shift we observed in the electrofocusing studies would suggest a progressive conversion of the M subunit to the K subunit, with the formation of intermediate hybrids. However, the two forms are translated from different mRNAs, so post-translational conversion seems unlikely (18, 19) . Moreover, the electrophoretic data (Figure 3) clearly show that the M type is not converted to the K form.
